A prototype petrologic database (MinChem) has been under continual development for several years. MinChem contains petrologic, mineralogical, and bulk-rock geochemical data for Hanford Site sediments collected over multiple decades. The database is in relational form and consists of a series of related tables modeled after the Hanford Environmental Information System (HEIS) structures (BHI 2002). The HEIS-compatible tables were created in anticipation of eventual migration into HEIS, or some future form of HEIS (e.g., HEIS-GEO).
Figures
. The preliminary data dictionary and data model were documented in a status report at the end of that FY by Mackley et al. (2008) . Efforts in FY 2009 and FY2010 have focused on further development of the database structure to ensure consistency and compatibility with the Hanford Environmental Information System (HEIS), as well as on entry and review of additional legacy data (BHI, 2002) . This document presents the prototype data model/structure, dictionary of tables and fields, and a summary catalog of available data to date. An implementation of the database described herein is contained in a Microsoft ® Access 2007 ® database file (MinChem_09_20_10.accdb), included in the accompanying compact disc.
Previous Work
Petrologic, mineralogical, and bulk-rock geochemical data on geologic material of the Hanford Site have been collected for over 60 years. These data include results from analytical methods such as optical and electron microscopy, x-ray diffraction, x-ray fluorescence, and electron probe microanalysis. Typically, these data are organized in project-specific and informally-published sources (e.g., hard-copy reports). This information provides a foundation and technical baseline for understanding and defending conceptual models for the geologic framework, geochemical conditions and processes, reactive transport of contaminants, and subsurface remediation. Mackley and Last (2003) and Xie et al. (2003) used multivariate statistical analyses to make formational classifications (e.g., Hanford vs. Ringold formation) based on mineralogy and geochemistry. They recommended the continued collection, management, and use of these data for geological characterization. Mackley et al. (2008) contains a discussion on the development approach, design requirements and implementation of the prototype petrologic database.
Design
The prototype petrologic database is informally described herein as MinChem. This name is not intended to be permanent. Data in MinChem are stored in 14 normalized tables. The tables are divided into two categories: 1) structural clones of HEIS database tables, and 2) tables exclusive to MinChem. The intent of this division is to make future migration to HEIS as easy as possible. The current relational database software implementation of MinChem is a Microsoft Access 2007 database file (MinChem_09_20_10.accdb), which is included in the accompanying compact disc.
Table Structure
Figure 1 shows the MinChem table structure. Tables with names including the prefix 'mc' (e.g., mcAttribute) indicate they are specific to MinChem; those with a prefix of 'heis' (e.g., heisResult) are structural clones of existing HEIS tables. The structure centers about the heisSample and heisResult tables, which manage the sample information and analytical result data, respectively. The other tables provide additional information and validation for fields in these two tables where codes are used for brevity. The heisValid_Codes table provides additional field value lookups and is used. Table Structure The mcSample_Attribute table provides a mechanism to attach an indefinite number of attributes to any sample. An attribute can be any numeric or textual value associated with the sample, other than an analysis result. We provide this capability in anticipation of the inevitable pieces of descriptive information that certain projects will find useful but are impossible to predict ahead of time.
The table heisSampling_Site is based on a prototype for a revised version of the existing HEIS SAMPLING_SITE table. Currently, samples in HEIS are associated with either a WELL_NAME or, if not collected from a well, a SAMP_SITE_ID. In this proposed HEIS structure, which has not been formally documented yet, every sample will have a SAMP_SITE_ID associated with it. Moreover, sampling sites may have hierarchical associations with other sampling sites. For example, a sample may be extracted from the deepest few centimeters of a meter-long drill core sample collected from a borehole drilled at a particular waste site. The centimeter-long sampling site is assigned a unique code and described in terms of its location with respect to the drill core. The entire core sample, which may be a meter long, may be assigned to another sampling site that defines the depth range from which the core was obtained in the well. The core is associated with the sampling site for the entire well, and the well, in turn, may be associated with a sampling site defining the area of a waste facility. Thus, the small rock sample may be associated to the drill core, the well from which the drill core was extracted, and the waste facility at which the well is located. This permits very powerful location-based queries for samples. Table 1 is an explanation of the fields in the data dictionary tables. Tables 2 through 8 are the data  dictionaries for each new MinChem table (those with table names prefixed with 'mc'). Key fields, those that uniquely define a record, are shown in BOLD. The complete data dictionary for the HEIS tables may be found in BHI 2002. YES Contents: Sample preparation is the modification of a sample between the time it is collected and the time it is analyzed. There may be some overlap with sample collection and sample analysis, as both these activities may also modify the sample to some degree, so preparation is reserved for those actions not addressed in the sampling method or analysis method. Typically, procedures such as sieving, sorting, drying, crushing, etc., are considered sample preparation. 
Data Dictionary

Implementation
The prototype MinChem table structures and relationships are stored in the Microsoft Access 2007 relational database management system. This software was chosen because it is relatively easy to use, has multi-user capability, interfaces with HEIS, and is widely available to Hanford Site contractors.
Once the necessary MinChem database tables and structures have been incorporated into HEIS, and the prototype database loaded and tested, easy access to the database for all Hanford end users will be implemented.
Data Quality and Review Status
During the design, implementation, and population of the MinChem database structures, several issues were identified regarding consistency of lab/review qualifiers and compatibility of MinChem with existing HEIS structures. For example, there are results that contain "trace", "less than (<)", or "not determined" in the reported values from the original source. An effort was made to be consistent with existing HEIS qualifier codes; however the qualifiers entered into the LAB_COMMENT_CD, LAB_QUALIFER, and REVIEW_QUALIFYER fields need to be reassessed for consistency. During FY 2010, the "<" qualifier was added to the LAB_COMMENT_CD field (heisResult table) when the less-than sign preceded a numeric value in the original data source. This was a change to the data-entry process in an effort to improve the ability of MinChem to adequately manage original less-than qualifiers. Prior to this, the "U" qualifier in the LAB_QUALIFIER field was used to denote this. There are similar issues with trace amount qualifiers. A single-consistent method for dealing with trace, less-than, and notdetermined qualifiers (to name a few) needs to be designed and implemented. This quality assurance/quality control process needs to be completed prior to release of the final production database. This will involve going back to the original data sources (which are captured in MinChem) and updating qualifier entries where appropriate. Until then, the data in the prototype database MinChem should be regarded as preliminary and subject to change.
Data Sources
Data entered into the database during fiscal years 2008 through 2010 come from various hard-copy and electronic sources. These are primarily technical reports containing tables of reported analytical results published between 1976 and 2006. Appendix A contains a summary catalog of the documents and the number of accompanying records in the database.
Conclusions
A preliminary database has been developed that will allow petrologic, mineralogical, and bulk-rock geochemical information to be managed under configuration control and facilitate electronic querying. The database is currently developed in Microsoft Access. Each field and table has been described in a data dictionary. The current state of the prototype database reflects the original intent to deliver a HEIScompatible set of tables for the eventual integration into the HEIS system. BHI. 2002. Hanford Environmental Information System -Detailed Design Specification. BHI-01639 Rev. 0, Bechtel Hanford Inc., Richland, Washington. 
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